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Abstract. Correlation of sex determining region Y-box (SOX)9 
and NM23 genes with the incidence and prognosis of prostate 
cancer (PC) was investigated. SOX9-small interfering ribo-
nucleic acid (siRNA) and NM23-siRNA were constructed and 
transfected into PC-3 cells. The expression levels of SOX9 
and NM23 messenger RNAs (mRNAs) and proteins in PC-3 
cells were detected via reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) and western blotting. MTT 
assay was adopted to examine the proliferation ability of the 
transfected cells, and Transwell assay was applied to detect the 
migration ability of the transfected cells. Sixty-three patients 
with PC and 56 patients with benign prostatic hyperplasia 
who were treated in Huadu District People's Hospital were 
enrolled. Correlation analyses were conducted for the relative 
expression levels of SOX9 and NM23 and the Gleason grade; 
and the survival curves of the patient SOX9/NM23 (S/N) Cq 
values were plotted. The proliferation and migration abilities 
of PC-3 cells were remarkably reduced after low expression of 
SOX9 (P<0.01), while those of PC‑3 cells were significantly 
improved after low expression of NM23 (P<0.01). Compared 
with that in tissues of PC patients, the relative expression of 
SOX9 mRNA in patients with benign prostatic hyperplasia 
was obviously decreased (P<0.01), while that of NM23 mRNA 
was significantly elevated (P<0.01). The larger the S/N was, 
the shorter the patient's survival time would be (P<0.05). The 
low expression of SOX9 gene can significantly reduce the 
proliferation and migration abilities of PC cells, which is nega-
tively associated with the incidence and prognosis of patients. 
The low expression of NM23 gene can markedly enhance 
the proliferation and migration abilities of PC cells, and it is 
positively related to the incidence and prognosis of patients.

Introduction

Prostate cancer (PC), a common urological tumor, is the most 
common tumor among men in Western countries, and its 
mortality rate after onset ranks second only to lung cancer. With 
the prolongation of human life expectancy, the incidence rate of 
PC in China is increasing year by year, and PC has become 
one of the important diseases threatening the health of elderly 
men (1). PC tends to cause obstruction of the urethra and dysuria. 
Twenty years ago, it was difficult to diagnose the disease, 
and it could be diagnosed only when urinary retention and 
generalized osteopenia occurred (2). With the development of 
molecular biology techniques, prostate‑specific antigen (PSA), 
as a screening tool for PC, can remarkably increase the 
detection rate in patients (3). However, since the specificity, 
sensitivity and false-negatives of PSA cannot be detected at the 
same time, PC can be definitely diagnosed through repeated 
confirmation by PSA, thus resulting in significant costs for 
both patients and the medical staff. Thus, more auxiliary 
examinations and indicators are needed for the diagnosis of 
PC (4). A large amount of research evidence has indicated that 
sex determining region Y-box (SOX) family genes are closely 
related to various tumors (5,6). SOX9 is a SOX family gene 
that has been mostly and thoroughly studied. Qin et al (7) have 
found that SOX9 plays important roles in the differentiation 
and proliferation of mouse prostate, and upregulation of SOX9 
leads to a significant decrease in cell differentiation rate. At the 
same time, Wang et al (8) have ascertained that SOX9 gene can 
regulate the occurrence and recurrence of PC in mice through 
the Wnt/β-catenin pathway. NM23 gene is a complementary 
deoxyribonucleic acid (cDNA) isolated from a mouse mela-
noma cell line and has been confirmed to be closely related 
to the inhibition of tumor metastasis. NM23 plays a negative 
regulatory role in tumor metastasis (9). Tumor metastasis is 
an important indicator for tumor deterioration. Many studies 
have confirmed that low expression of NM23 in various tumors 
(melanoma, liver cancer and lymphoma) is associated with high 
metastasis potential and poor prognosis (10). Currently, there 
are few reports on the correlations of the expression of SOX9 
and NM23 in PC with proliferation and migration abilities of 
PC cells, and their mechanisms are not yet clear.

In this study, the correlation of the incidence and prognosis 
of SOX9 and NM23 genes with PC was mainly investigated, 
and the effects of SOX9 and NM23 on the proliferation and 
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migration abilities of PC were explored. In addition, the corre-
lation of the expression levels of SOX9 and NM2 in PC patients 
with clinical stage and prognosis were analyzed. It is expected 
that SOX9 and NM23 will serve as clinically important genes 
for the diagnosis of PC.

Materials and methods

Materials. The following were purchased: human PC-3 cell 
line (cat. no. TCHu158; Shanghai Cell Bank of the Chinese 
Academy of Sciences); SOX9 and NM23 small interfering 
ribonucleic acid (siRNA), and negative siRNA (all from 
Shanghai GenePharma Co., Ltd., Shanghai, China); plasmid 
(Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA); reverse transcription kit and quantitative polymerase 
chain reaction (qPCR) kit (both from Nanjing Vazyme 
Biotech Co., Ltd., Nanjing, China); RPMI-1640 and fetal 
bovine serum (both from Gibco; Thermo Fisher Scientific, 
Inc.); trypsin (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany); Lipofectamine™ 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.); Transwell chamber (Corning, Inc., Corning, 
NY, USA); 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT; Sigma-Aldrich; Merck KGaA); rabbit 
anti-human SOX9 monoclonal and NM23 polyclonal anti-
bodies (cat. nos. 82630 and 3338; both from Cell Signaling 
Technology, Inc., Danvers, MA, USA). The rest of the reagents 
and instruments that are not listed are noted in the corre-
sponding section of this study.

Research subjects and tissue samples. A total of 63 patients 
with PC (68.5±7.8 years old) and 56 patients with benign 
prostatic hyperplasia (65.2±11.6 years old), treated in 
the Department of Urology of Huadu District People's 
Hospital (Guangzhou, China) from March 2009 to 
March 2012, were enrolled. Tissue samples were obtained 
via transurethral resection of prostate (TURP). Samples were 
immediately stored in liquid nitrogen after removal. Inclusion 
criteria for PC patients: patients who were definitely diag-
nosed with PC via pathological examination of tissue sections 
and clinical diagnosis. Inclusion criteria for patients with 
benign prostatic hyperplasia: patients definitely diagnosed 
with benign prostate hyperplasia via pathological examina-
tion of tissue sections. Exclusion criteria: none of the selected 
cases suffered from other wasting diseases, had received any 
long-term androgen-related treatments or had received pros-
tate digital rectal examination within 1 week before sampling. 
All the included patients had complete clinical treatment and 
pathological examination data. The study was approved by 
the Ethics Committee of Huadu District People's Hospital and 
written informed consents were signed by the patients or the 
guardians.

Gene transfection. After the siRNA transcription template 
DNA strand (Shanghai Bioengineering Co., Ltd., Shanghai, 
China) was designed and synthesized, SOX9 and NM23 expres-
sion vectors were constructed. Gene transfection was conducted 
for the selected positive clones after they were identified by 
sequencing: PC-3 cells in the logarithmic growth phase (cell 
population was adjusted to 1x106 cells/well) were selected 
and placed in an incubator for 24 h for further culture. After 

rewarming, 3 µl of siPORT-1 were taken and added with 597 µl 
medium (100 µl/well) for dilution, 20 min after which 1 µg 
plasmid was added. Subsequently, the cell culture plate was 
gently shaken and placed at room temperature for 20 min, and 
then the medium was discarded and replaced with new medium, 
followed by further culture in the incubator. Transfected cells 
were identified by 500 µg/ml G418 selective medium: the 
successfully transfected cells grew and reproduced, whereas the 
untransfected cells were all dead within a week.

Detection of changes in gene expression levels of SOX9 and 
NM23 by reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Successfully transfected cells were further 
cultured. When the cells grew to the logarithmic growth phase, 
they were transferred to a 6-well plate for further culture. When 
the cells reached 80‑90% confluence, an appropriate amount of 
TRIzol (TRIzol kit; Thermo Fisher Scientific, Inc.) was added 
to the cell culture plate. An appropriate amount of TRIzol was 
added to the obtained PC specimen and prostate hyperplasia 
specimen in a ratio of 1 ml:100 mg. The cells and tissue samples 
were crushed by ultrasound in an ice bath and centrifuged at 4˚C 
and 12,000 x g for 10 min, and the supernatant was extracted. 
A sufficient amount of chloroform was added in the superna-
tant in a volume ratio of 5:1, which was repeatedly shaken for 
10 times, and incubated on ice for 5 min. After that, the cells 
were centrifuged at 4˚C and 12,000 x g for 10 min, and the 
supernatant was extracted (the volume of the supernatant was 
appropriately reduced to avoid absorption into the sample in the 
middle layer). An equal volume of isopropanol was added to the 
supernatant, left to stand at room temperature for 10 min, and 
then centrifuged at 10˚C and 10,000 x g for 10 min. The super-
natant was discarded, 1 ml freshly prepared 75% ethanol was 
added for washing, and shaking was repeated. The sample was 
centrifuged at 4˚C and 12,000 x g for 10 min. After discarding 
the supernatant and opening the lid, RNA was obtained after 
being dissolved in 30 µl diethylpyrocarbonate (DEPC)-treated 
water. The quality of the extracted RNA was verified via 
ultraviolet (UV) spectrophotometer (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA) and agarose gel electrophoresis, 
respectively. cDNA synthesis and reverse transcription were 
carried out using the HiScript® II 1st Strand cDNA Synthesis 
kit (Nanjing Vazyme Biotech Co., Ltd.). The manufacturer's 
instructions were strictly followed for the operation and formu-
lation of the reaction system. The RT‑qPCR amplification was 
performed using the SYBR ExScript™ RT-PCR kit (Takara 
Biotechnology Co., Ltd., Dalian, China) in strict accordance 
with the manufacturer's instructions. The primers were synthe-
sized by Invitrogen (Thermo Fisher Scientific, Inc.) and the 
sequences are shown in Table I. RT-qPCR reaction conditions 
were set as follows: at 94˚C for 2 min, 94˚C for 60 sec, 62˚C for 
25 sec and 72˚C for 25 sec for a total of 40 cycles. Amplification 
was performed on the qRCR instrument with β-actin as an 
internal reference. The relative expression level of the relevant 
gene messenger RNA (mRNA) was calculated with 2-ΔΔCq (11).

Detection of the expression levels of SOX9 and NM23 
proteins via western blotting. When the cells reached 80-90% 
confluence, they were extracted. A total of 1 ml radioim-
munoprecipitation assay (RIPA) lysis buffer and 1% protease 
inhibitor were added to extract nuclear proteins. The loading 
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sample system at equal concentration was prepared after 
protein quantification and placed at 95˚C (boiling) for 15 min to 
denature proteins. Separation gels (15%) and spacer gels (15%) 
were configured and loaded with 8 µl protein solution per lane. 
At the end of the electrophoresis, the proteins were transferred 
onto the PVDF membrane at a constant current of 260 mA 
for 90 min. Freshly prepared 5% skim milk powder was used 
for blocking for 2 h. The protein bands were cut according 
to the molecular size. The primary rabbit anti-human SOX9 
and NM23 antibodies (1:1,000) were incubated overnight at 
4˚C, followed by membrane washing 3 times via Tris‑buffered 
saline with Tween-20 (TBST) (5 min each time). The goat 
anti-rabbit polyclonal secondary antibody (1:2,000; cat. 
no. 7074; Cell Signaling Technology, Inc.) was added and 
incubated at 20˚C for 1 h, and the membrane was washed 
with TBST 3 times (5 min each time). Freshly prepared ECL 
fluid (EMD Millipore, Burlington, MA, USA) was applied for 
color development in a dark room. Using β-actin as a control, 
the expression intensity was indicated by the ratio of the 
gray value of the target protein band to β-actin band and was 
analyzed via ImageJ software (National Institutes of Health, 
Bethesda, MD, USA).

Detection of cell proliferation by MTT. Successfully transfected 
cells were inoculated into a 96-well plate. The cell density was 
adjusted to 1x105 cells/well, with PC-3 cells transfected with 
empty vectors as control, to ensure the same number of inocu-
lated cells. The cells were placed in an incubator for 24 h and 
10 µl pre‑configured MTT was added to each well. The culture 
medium was discarded after 4 h of continuous cultivation, and 
150 µl DMSO was added. After shaking, the absorbance value 
of each well was measured with an enzyme immunoassay 
analyzer (570 nm; DKing Technology Co., Ltd., Chongqing, 
China), and the optical density (OD) was calculated, so as to 
evaluate the proliferation ability of the two groups of cells.

Detection of cell migration ability by Transwell assay. The 
migration ability of the cells was detected by the Transwell 
assay, using PC-3 cells transfected with empty vectors as 
control. The cell density was adjusted to 1x106 cells/ml. A total 
of 100 µl cell resuspension solution was added to the upper 
chamber, and 600 µl complete medium was added to each well 
of the lower chamber. The cells were placed in an incubator 
for 8 h for further culture. The Transwell chambers cleaned 
by phosphate-buffered solution (PBS) were placed in 24 wells. 
A total of 500 µl of formaldehyde was added for fixation for 
20 min, and 500 µl 0.2% crystal violet was added to each well 
for staining for 20 min. Then, the number of cells permeating 

through the membrane and rinsed with PBS was calculated 
under a microscope. Eight fields of view were selected for 
statistics, and the average was calculated, which was consid-
ered as the number of cells that permeated through the filter 
membrane to evaluate the migration ability of the two groups 
of cells.

Gleason grading. After the cancerous tissues of PC patients 
were obtained, they were fixed with 10% formaldehyde, 
followed by dehydration, embedding, slicing, and hematoxylin 
and eosin (H&E) staining. The degree of tumor differen-
tiation was evaluated and divided into 5 grades by Gleason 
grading: grade I, the tumors had clear boundaries with single 
existence, and the morphology of the tumor glands was 
consistent; grade II, the tumor had relatively clear boundaries 
and the size of the glands was inconsistent; grade III, the 
boundary between tumor and non-tumor was not clear, the 
two infiltrated each other, the size of the glands was obvi-
ously inconsistent, and there was a large acini; grade IV, the 
glands of the tumor fused with each other and their shapes 
were abnormal; grade V, tumor glands were solid masses with 
obvious necrosis. The correlations of the Gleason grade with 
the expression levels of SOX9 and NM23 genes of in tumor 
tissues in patients with PC were analyzed, and the correla-
tions of SOX9 and NM23 genes with the incidence of PC 
were evaluated.

Survival analysis. Patients with PC were followed up for 
a period of 5 years, which was terminated in March 2017. 
The survival analysis was conducted with the ratio of 
SOX9/NM23 (S/N) gene expression as an ordinate (patients 
with S/N<2 were included in group A, and those with S/N≥2 
were included in group B), and the correlations of SOX9 and 
NM23 genes with the prognosis of patients were evaluated.

Statistical analysis. Data in this study were expressed as 
mean ± standard deviation (SD), and Statistical Product 
and Service Solutions (SPSS) 19.0 software (IBM Corp., 
Armonk, NY, USA) was applied for data analysis. t-test was 
conducted for intergroup comparison. Homogeneity test of 
variance was conducted, and if the variance was homoge-
neous, the Bonferroni method was used. Pearson's correlation 
test was used for correlation analysis. The survival curves 
were plotted using the Kaplan-Meier method and the differ-
ences between them were examined using the log-rank test. 
P<0.05 was considered to indicate a statistically significant 
difference. Histograms were drawn via GraphPad Prism 5.0 
software (GraphPad Software, Inc., La Jolla, CA, USA).

Table I. The primer sequences of the genes.

Gene Forward Reverse

SOX9 5'-TCTGTAATGGTGTGCTTCAAGG-3' 5'-GTGTCCAGCATCCAGAAAGG-3'
NM23 5'-ACGCTTGCTCTGTTTGTGG-3' 5'-CTGGAAGGCACACCATCC-3'
β-actin 5'-ACTGGAACGGTGAAGGTGACAG-3' 5'-GGTGGCTTTTAGGTGGCAAG-3'

SOX, sex determining region Y-box.
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Results

Effects of SOX9‑siRNA and NM23‑siRNA on the expression 
levels of SOX9 and NM23 in cells. The expression levels of 
SOX9 and NM23 genes and proteins in the transfected cells 
were detected via RT-qPCR and western blotting. The results 
showed that compared with the transfection with empty 
vectors, the transfection with SOX9‑siRNA could significantly 
reduce the expression of SOX9 gene and protein in PC-3 cells 
(P<0.01). The expression of NM23 gene and protein in PC-3 

cells transfected with NM23 were markedly lower than those 
in PC-3 cells transfected with empty vectors (P<0.01) (Fig. 1).

Effects of SOX9 and NM23 genes on PC cell proliferation. 
PC-3 cells transfected with si-SOX9, si-NM23 and empty 
vectors, respectively, were seeded in 96-well plates, and cell 
proliferation was detected via MTT after 24 h of further 
culture. The results revealed that compared with that of 
PC-3 cells transfected with empty vectors, the proliferation 
ability of PC-3 cells transfected with si-SOX9 was obviously 

Figure 2. Effects of SOX9 and NM23 on the proliferation ability of PC cells. The proliferation ability of PC-3 cells after low expression of (A) SOX9 gene 
and (B) NM23 gene is presented. Low expression of SOX9 can significantly reduce the proliferation ability of PC‑3 cells, while the low expression of NM23 
significantly increases this ability. **P<0.01. SOX, sex determining region Y-box; PC, prostate cancer.

Figure 1. Expression levels of SOX9 and NM23 genes and proteins in the transfected cells. (A) SOX9 gene expression level. (B) NM23 gene expression level. 
(C and E) SOX9 protein expression level. (D and F) NM23 protein expression level. After transfection, SOX9 and NM23 genes and proteins are expressed at 
low level, **P<0.01. SOX, sex determining region Y-box.
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decreased (P<0.01), and this ability of PC-3 cells transfected 
with si-NM23 was remarkably higher than that of PC-3 cells 
transfected with empty vectors (P<0.01) (Fig. 2).

Effects of SOX9 and NM23 genes on cell migration ability. 
Transwell assay was adopted to test the migration ability of 
cells, which indicated that compared with the transfection 
with empty vectors, the low expression of SOX9 gene could 
obviously reduce the migration ability of PC-3 cells (P<0.01), 
while the low expression of NM23 gene could significantly 
increase the migration ability of PC-3 cells (P<0.01) (Fig. 3).

Expression of SOX9 and NM23 genes in PC tissues. The 
expression of SOX9 and NM23 genes was studied with benign 
prostatic hyperplasia tissues in PC patients as controls. The 
results revealed that the expression of SOX9 gene in PC tissues 
was obviously higher than that in benign prostatic hyperplasia 

tissues (P<0.01), while that of NM23 gene in the former was 
significantly lower than that in the latter (P<0.01) (Fig. 4).

Correlation of SOX9 and NM23 with PC clinical grade. 
Gleason grading was performed for the enrolled PC patients, 
and the correlations of the expression levels of SOX9 and 
NM23 genes in tumor tissues of patients with their Gleason 
grades were analyzed. The results revealed that SOX9 gene 
was positively correlated with the patient's Gleason grade 
(P<0.01, r2=0.6071), while NM23 gene was negatively associ-
ated with this grade (P<0.01, r2=0.5839) (Fig. 5).

Correlation of SOX9 and NM23 with the prognosis of patients. 
The 5-year follow-up was performed for the enrolled PC 
patients to evaluate the correlation of SOX9 and NM23 genes 
with the prognosis of patients. The results indicated that the 
survival time of patients with S/N≥2 was significantly longer 

Figure 3. Effects of SOX9 and NM23 genes on the migration ability of PC cells. The effect of low expression of (A and C) SOX9 and (B and D) NM23 on the 
migration ability of PC-3 cells is presented. Low expression of SOX9 can remarkably reduce the migration ability of cells, while low expression of NM23 can 
markedly increase this ability. **P<0.01. SOX, sex determining region Y-box; PC, prostate cancer.

Figure 4. Expression of SOX9 and NM23 genes in PC tissues. The expression of (A) SOX9 and (B) NM23 in PC tissues is presented. In PC tissues, SOX9 gene 
is highly expressed, while NM23 gene is lowly expressed. **P<0.01. SOX, sex determining region Y-box; PC, prostate cancer.RETRACTED
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than that of patients with S/N<2, and the difference was statis-
tically significant (P<0.01, log‑rank test) (Fig. 6).

Discussion

Normal prostate epithelial cells undergo certain morpho-
logical changes under the influence of various physiological 
and biochemical stimuli, and convert into prostatic epithelial 
sarcoma. When the cells further deteriorate, they evolve into 
PC (12). The development of molecular biology enables tumor 
markers to play important roles in the diagnosis and treatment of 
tumors. In clinical practice, the incidence of PC can be evaluated 
based on the concentration of PSA, which effectively improves 
the diagnosis rate of PC (13). However, due to the low specificity 
of PSA, multiple other tumors and diseases of the prostate may 
elevate PSA, so its use alone often results in false-positive results. 
Additionally, the existence of the linear relation between PSA 
and PC has not been reported, so the progression of the disease 
cannot be predicted (14). Gleason grading for PC patients can 
help with the prognosis of patients and effectively evaluate 
the therapeutic effect of PC, so it is an important reference for 
treatment regimens. Alexis and Worsley (15) have found that 
the Gleason grade is closely related to the clinical grade of PC 
patients, and there is also a correlation between the Gleason 
grade and 5-year incidence rate after treatment.

SOX9 is highly expressed in various tumors, such as 
melanoma, promotes proliferation and migration of tumor 

cells and reduces tumor cell apoptosis (16). At the same time, 
some researchers have used high-throughput tissue gene chips 
to screen highly expressed SOX9 gene in PC patients. The 
above indicate that SOX9 gene has a certain correlation with 
the incidence of PC (17). In this study, siRNA was applied to 
silence SOX9 gene in PC-3 cell line, which manifested that 
the proliferation and migration abilities of PC-3 cells were 
significantly reduced. Also, it was demonstrated that the 
expression of SOX gene in PC tissues was obviously higher 
than that in benign prostatic hyperplasia tissues. The results of 
this experiment and several previous studies on SOX9 gene in 
tumors strongly suggest that the SOX gene is associated with 
the incidence of PC. At the same time Gleason grading was 
conducted for PC patients, and the correlation analysis of the 
Gleason grade with SOX9 gene was performed. The results 
revealed that SOX9 gene was positively correlated with the 
patient's Gleason grade, suggesting that SOX9 gene is related 
to the prognosis of patients and can be used to evaluate the 
therapeutic effect and prognosis of PC patients.

NM23 gene encodes a diphosphate nucleoside enzyme, 
participates in the synthesis of nucleoside triphosphates and 
the processes of G protein-mediated cell proliferation and 
differentiation. A study (18) has illustrated that NM23 gene 
is closely associated with colon cancer metastasis and tumor 
migration. Besides, it is negatively correlated with the patient's 
clinical grade, and the proliferation ability of tumor cells in 
patients with NM23 negative expression is significantly higher 
than that in patients with NM23 positive expression. A large 
amount of research evidence has manifested that both NM23 
gene and protein play an important role in inhibiting tumor 
metastasis. The low expression of NM23 is closely correlated 
with the metastasis and poor prognosis of lung cancer, mela-
noma, breast cancer and other tumors (19-21). The present 
study revealed that silencing NM23 gene in PC cells could 
lead to significant increases in the proliferation and migration 
abilities of PC cells, the expression of NM23 gene in tumor 
tissues of PC patients was found to be significantly higher 
than that in tissues of patients with benign prostatic hyper-
plasia, and at the same time it was negatively correlated with 
the patient's Gleason grade. The above study results indicate 
that NM23 can be used as an indicator for evaluating PC. At 
the same time, univariate analyses of the expression of SOX9 
and NM23 genes in patients with PC and the patient's survival 

Figure 5. Correlation of SOX9 and NM23 genes with the Gleason grade of PC patients. The correlation between (A) SOX9 and the Gleason grade and 
(B) NM23 and the Gleason grade of PC patients is presented. SOX9 gene is positively correlated to the Gleason grade, while NM23 gene is negatively cor-
related with this grade. SOX, sex determining region Y-box; PC, prostate cancer.

Figure 6. Correlation of SOX9 and NM23 genes with the prognosis of PC 
patients. The survival time of patients with S/N≥2 is obviously longer than 
that of patients with S/N<2. SOX, sex determining region Y-box; PC, prostate 
cancer; S/N, SOX9/NM23.
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time were conducted, which demonstrated that patients with 
a high S/N ratio have a significantly lower 5‑year survival 
rate than those with a low S/N ratio. However, the pathways 
through which SOX9 and NM23 genes influence PC cell 
proliferation and migration were not investigated in depth in 
this study. This will be the focus and direction of subsequent 
studies, which is of great significance in further revealing the 
correlations of SOX9 and NM23 genes with the incidence and 
prognosis of PC.

In conclusion, SOX9 and NM23 genes are closely related 
to the occurrence, development and prognosis of PC. It is of 
high clinical value to integrate the expression of SOX9 and 
NM23 genes into the diagnosis and treatment of PC patients.
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